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.^The  “quiet”  group  deteriorated  less  than  the  protected  or  unprotected  noise  group.  Similarly,  all  three  groups 
’ showed  improvement  on  the  reaction  time  test  neat  the  end  of  the  watch.  There  apparently  was  a learning  factor. 

Perceptual  interference  was  measured  by  a modification  of  the  Stroop  color  word  test.  Again,  all  groups  im- 
proved their  overall  performance  on  the  retest  toward  the  end  of  a watch. 

Implementation  of  educational  and  compliance  techniques  is  recommeni^etj  to  get  more  people  to  wear  heating 
protection  to  help  save  their  heating,  improve  their  psychomotor  performance,  and  reduce  their  perceptual  inter- 
ference in  noise. 
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OBJECTIVE 


Determine  the  effects  of  noise  exposure  on  hearing  performance  of  engineering  per- 
sonnel standing  l-in-3  watches  in  spaces  having  steady-state  noise  levels  of  94  (±7)  dBA. 


RESULTS 

1 .  Effects  of  continual  l-in-3  watches  (4  hours  in  noise  and  8 out)  over  a 10-day 
period  were  evaluated.  (See  CONCLUSIONS  in  report  proper.) 


RECOMMENDATIONS 

1 . Verify  the  results  of  this  study  hy  repeating  the  most  significant  parts  with  an  ex- 
panded shipboard  team. 

2.  Develop  a wearable  noise  level  accumulator  to  supplement  existing  noise  dosi- 
meters and  to  better  correlate  performance  and  hearing  tests  to  actual  Jtoise  exposure. 

3.  Itttplement  educational  and  compliance  techniques  to  encourage  more  people  to 
wear  hearing  protection  ttt  help  save  their  hearing,  improve  their  psycliommor  performance, 
attd  reduce  their  percepltial  iiUerfcrence  in  noise. 
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INIKODUCTION 


This  report,  one  of  very  tew  field  studies  of  the  effects  of  noise  on  I'.e.iring  and  per- 
formance. is  as  important  for  its  eventual  shortcomings  as  for  its  solid  scientific  {statistically 
significant)  findings.  First,  it  should  be  pointed  out  that  for  budgetary  reasons  the  original 
research  proposal  was  significantly  altered.  As  initially  planned,  it  was  to  be  a comprehen- 
sive study  of  the  effects  on  engineering  and  air  department  personnel  of  noise,  heat/humklity. 
ship  routine,  and  oversea  deployment  sta'sses  on  hearing,  t>erformancc.  sleep,  type  and  extent 
of  sick  call  and  morale.  As  actually  carried  out,  the  study  was  liiniled  to  the  effects  of  noise 
exposure  oi\  hearing  ami  performance  of  engineering  peisonnel  standing  1-in-.^  watches  in 
spaces  having  steady-stale  noise  levels  of ')4  (t7)  dl^A.  The  oiiginal  intent  was  to  find  the 
effects  on  recovery  from  noise-induced  temporary  threshold  slilftsof  belween-waleh  noi.se 
levels  in  berlhing/messing  spaces  and  recreation  amlA>r  routine  activities.  Initial  plans  were 
for  doing  the  study  on  an  aircraft  carrier  {(’V)  going  into  an  extensive  overhaul  program  so 
that  noise  control  measures  could  have  been  instituted  in  nonwatcli  areas.  Instead,  opera- 
tional constraints  resulted  in  performing  the  study  on  a ship,  the  LISS  OUlSKAN  V ((‘VA  .>4). 
that  was  making  its  last  deployment  before  being  deeommissionetl. 

A second  area  of  compromise  concernetl  the  original  choice  between  a general  field 
(ship)  study  and  controlled  laboratory  experiment,  laborauuy  experimentation  is  appro- 
priate for  defining  prcci.se  noise  expostire  limits,  but  fiokl  studies  are  necessary  to  validate 
them.  If  laboratory  results  are  to  be  valid,  differences  between  field  ami  laboratory  behavior 
of  the  subjects  for  the  total  day.  week,  or  month  must  be  acc<Htnted  fi'r,  'This  involves 
elaborate  simulations  in  the  laboratory,  as.  for  example,  in  Piojecl  IMN(i.  in  winch  '0  sailors 
were  confined  to  an  ensonitled  barracks  Un  bOdays  (.see  ref ),  Camrell.  i‘T/4),  or  gross 
extrapolations  of  data  for  example,  performaiuv  lest  ivhiIIs  fi>r  ,M)-minnie  exposures  (see 
ref  2,  Hartley  and  Adams.  H)74)  to  predict  results  for  '40  minutes.  Presenbday  limilalion.s 
on  the  use  of  Imman  subjects  and  in  fact  the  applicability  »>f  research  results  to  ijperational 
situations  (Mansfield  Amendmenn  make  justilViug.  setting  up.  gelling  subjecls  for.  ami 
running  basic  laboratory  studies  even  more  e»»stly  and  timevimMiining.  l or  tliese  reasons 
it  is  easier  to  justify  field  (ship)  studies  even  though  it  is  km»N'n  in  advance  that  maintaining 
adequate  controls  is  difficult  if  not  impossible.  In  this  case  the  steadv -stale  noise  exposures 
invidved  Id4  (f  7)  dUA)  for  an  average  «*f  H hours  per  dav  itwer  a .T^lay  cycle i eseeci!  allmv* 
able  limits  as  specified  b\  ()ccupatn>nal  Saleiy  and  Health  .\dminjsirainm  Slandards  lOSHA) 
(ref })  or  US  Navy  lOumed  INST  ref  4|  uisliuelioiis.  I heieloie.  lustlfving  this 

risky  exposure  for  a laboratory  experimem  would  be  Imie'etmMimmg.  expensive,  ami  perhaps 
even  futile,  wliereas  USN  machinist  males  stand  these  types  ol  w.Oehes  ilay  in  aiivl  day  out 
(at  least  on  certain  sustained  steaming  |vru»ds  the  i\pe  i>i  comuiion  chosen  lor  this  study). 
Similaiiv.  the  applicability  ol  the  results  is  again  built  into  the  study,  these  are  precisely  the 
conditions  that  now  exist,  in  which  men  w»»rk  ami  live.  It  pmpeiK  cimtudled.  this  is  a 
relatively  inexpensive  and  lime-vivuig  meihod  ol  avoiding  a laboiaUuv  stmnlalton 


’ ( .mirell,  KW  ( t*i  ’.|i,  Pinlufiged  e\p««uie  i«»  iMtenmiietii  noiv,-  lll•»^lu•lm^.Ji,  M*«ivn . 

I‘\)vhul*'gjv.il  jihI  l llvviv  I .iiviign%v*»tv,  .Sitp|tk*meiu  t 1 |tii  P»o  ()v 
' lliidcs . I H.  .Hill  ATmik,  Ut»  i ln.'.ti,  ( ne*i  mi  .m  ike  te>i.  J I !*»\»  h.  IU.'  u «.  b ' m- 
M s DeiMiitueMi  oi  liihm,  tk^up.iiiiMut  Saleh  amt  lk.»Uh  V.md4i0v  I *le«.a  K»‘givUM.  Pati  li. 

W.njiii«gi“n.  in . 

* t-’S  . Ume.m  *a  VtOtlumv  ImOu.ijtui  {.'lati'li.  v t‘»  ‘ii 


The  more  claborale  coordinated  imdlidiscipline  study  oriaimdiy  planned  and  nec- 
essary lor  the  understanding  of  the  effects  of  noise  on  all  nieasurable  aspects  of  human  en- 
deavor will  not  be  discussed  here.  But  |)arts  of  the  eoinpronii.se,  preplanned,  carefully 
counterbalanced  e.xperimental  design  and  its  intended  implementation  will  be  described  in 
order  to  illustrate  the  many  problems  inherent  in  field  experiments  as  well  as  the  compro- 
mises necessary  to  salvage  useful  data  from  them.  As  stated  in  the  opening  sentence,  perhaps 
as  much  is  to  be  learned  from  the  problems  encountered  as  from  the  results. 


METHOD 


EXPERIMENTAL  GROUPS 

There  is  a choice  of  two  general  methods  of  trying  to  control  the  measurements  of 
the  effects  of  noise  e.xposure  on  experimental  subjects:  either  use  the  same  subjects  under 
both  noisy  and  quiet  conditions,  or  use  different  groups,  one  iti  noise,  the  other  in  quiet. 

Since  heat/humidity  stresses  were  also  usually  present  in  the  noisy  areas  stuilied  here  I fire/ 
machinery  rooms),  a modification  of  the  second  method  using  three  groups  was  employed. 

One  group  of  24  men.  eight  on  each  of  three  watches  tSX.D,  was  selected  that  stood 
watches  in  the  noisy  areas  (d4t±7idBA)  and  by  their  own  choice  wore  no  liearing  protec- 
tion (see  fig  1 ).  This  first  group  svas  called  the  Unprotected  Noise  ( UN  (group.  A second 
group  of  1 2 men  (4X3)  was  selected  that  stood  watch  in  the  same  noisy  areas  but  who  either 
habitually  or  for  the  duration  of  these  tests  wore  hearing  protectors  plugs  or  muffs  lltat 
attenuated  sounds  in  the  speech  range.  .‘>00  4000  Hz.  by  IX  ii7)  dl)  I sec  fi,e  2).  This  second 
group  was  called  the  Protected  Noise  (I’N)  group,  A tliird  group  of  1 2.  the  Quiet  t(j)  group, 
stood  watches  in  levels  of  6‘)  tt.S)  dlt.A  (see  fig  3). 

Prom  the  very  first  baseline  tests  (while  ORISKANY  was  still  at  doc);  in  Alameda, 
Calil'ornia).  and  throughout  the  whole  at-sea  periotl.  the  preselected  groupings  were  unavoiil- 
ably  subject  to  change.  New  men  had  to  be  added  tine  (>>  job  and/or  walch  sdtedulc  rearrangs>- 
ments.  sickness,  absences  witltoul  U-ave.  conlinement  in  the  brig,  and  (he  reluctance  of  the 
volunteer  subjecls  to  conlinue  as  the  e.siwrimenl  progres-sed. 

Even  the  assignment  of  men  to  e.xperimental  groups  had  to  be  changeil  when  it  was 
nolid  that  many  members  of  the  UN  group  wore  souml-i'owered  telephones  tSPP)  at  their 
duty  stations  (see  fig  4 anri  ,M.  Worse  yet.  some  wore  SPP  part  of  (he  imte  but  not  always. 
That  is.  they  occasionally  substituted  li>r.  or  swappal  jobs  lor.  one  p;irliculai  walch  or  part 
of  it.  Ear  example,  on  the  tlay  they  were  given  the  peiformauce  tests,  their  duly  included 
acting  as  ait  SPP  talker  (see  fig  <>).  Thi'se  men  were  conset|uently  reclassilieil  from  the  (IN 
to  the  PN  group  when  the  resullsof  the  perlormanee  lestsus-re  interpreted.  However,  when 
asked  at  the  lerminallon  of  the  e.xps'rimeni  wheilier  or  not  they  wore  protection,  four  ol 
the  subjecls  who  were  observed  wx'aring  .SPP ear  eushioiis  said  they  were  jusi  pineh  hitting 
for  a mule  on  the  day  of  the  perrormnnee  tests  and  were  unprolecicil  most  ol  the  lime  In 
acliialiiy.  therefore,  the  composition  ol  the  sample  populalioiis  varied  soiiiew  hat  lot  various 
phass's  of  the  sltitly.  j’or  e.xaniple.  there  were  always  1 2 sul-iects  in  (he  t.)  groiqt  even  though 
all  1 2 tlid  not  participate  in  every  phase.  Eor  the  aiuhomelrie  tests  there  were  1 1 <,)  siihieels. 

1 1 in  the  PN  groii|i.  « in  the  UN  group,  and  .s  in  the  Assumeil  Unprotected  gtiuq)  i \l*Ni. 

E'or  the  two  tterformance  tests  the  subjects  available  were  1 2 Q.  I PN.  aiut  |u  (‘N. 


NOISE  EXPOSURE 


Two  factors  determine  noise  exposure  noise  level  (at  the  inner  ear)  and  duration  of 
exposure.  In  practical  terms  this  involves  measuring  the  ambient  noise  level  (at  ear  canal), 
the  duration  for  each  level,  and  the  amount  of  sound  attenuation  (hearing  protection) 
between  the  sound  just  outside  the  car  canal  and  the  oval  window  (entrance  to  the  inner 
ear).  The  original  plans  called  for  wearable  noise  dosimeters  and  sophisticated  integrating 
and  printout  sound  level  eriuipments.  The  dosituelets  were  available,  but  the  physical  sound 
level  equipments  were  t ied  up  in  another  experiment,  and  the  only  available  measuring 
equipment  was  a simple  General  Radio  model  1S65A  hand-held  survey  sound  level  meter 
(SLM).  A-weighted  sound  level  measurements  were  taken  from  two  to  eight  times  at  dif- 
ferent hours  on  different  days  in  each  area  in  . .ich  subjects  stood  watches.  These  measure- 
ments were  compared  with  those  taken  in  the  .^me  spaces  by  US  Navy  Preventive  Medicine 
Unit  6 a few  months  earlier  under  similar  underway  steaming  conditions  ( ref  5). 

The  duration  of  noise  exposure  was  ostensibly  4 hours  (a  normal  watch  period), 
followed  by  8 hours  in  quieter  placx's,  re,  eated  over  a 5-week  period.  In  order  that  the  same 
men  wotrld  not  always  stand  the  midnight  to  0400  or  0400  Ic  0800  watch,  a "ilog  watch"  of 
5 hottrsvice  the  usual  4 occurred  Iron.  1600  to  1800  ami  1800  to  5000.  A complete  watch 
seqirence  repeated  itself  every  day ; to  wit.  0000-0400,  1500-1600,  and  5000-5400;  0800- 
1 500  and  1 800-5000;  and  0400-0800  attd  I (4)0- 1 800.  Considering  each  day  in  turn,  a man 
was  noise-exposed  1 5 hours  on  day  I and  6 hours  oit  days  5 ami  }.  or  an  average  of  8 hours 
per  day.  Of  course,  one-third  of  the  subjects  started  their  cycles  on  rlay  I . another  third  on 
day  5.  and  the  final  third  on  tlay  3.  .Some  men  who  were  trot  on  watch  per  se.  would  never- 
thelesis  spemi  part  of  the  usual  working  day  (0800-1600)  in  the  same  noisy  area  in  which 
they  stotui  watch.  On  snudler  ships  this  is  often  more  the  rule  than  the  exception,  but  on 
ORISKANY,  for  the  5 weeks  of  the  study,  this  was  more  the  exception  than  the  rule.  Exact 
duration  of  exposure  time  when  off  watch  was  not.  however,  carefully  accounleil  for. 
Attempts  were  made  to  account  for  off-wateh  activity  by  giving  the  subjects  noise  log  canls 
to  fill  out.  but  they  did  not  Till  them  out  systematically  or  regularly  and  the  attempt  was 
given  up. 

To  determine  the  exact  noise  exposures  <in  watch,  eight  commercially  available  noise 
dosimeters  were  available  to  be  worn  by  the  subjects  in  this  study.  They  were  of  three  general 
types  and  two  makes.  Three  made  by  Dupont  w.-re  based  on  a oO.rlHA  ihreshohl  and  the 
5-dlt  doubling  rule  t.>/‘)0).  In  this  study  they  were  given  the  iilenlit'  numbers  1 , 5,  anri ,). 
l-'ive  were  marie  by  General  Rarlio;  number  4 was  based  on  the  rule,  numbeis  and  li 
were  based  on  a 3/S.S  rule,  and  nHml>ets  7 and  8 were  baserl  on  a ,V/(i0  rule,  l-'igure  ^ 
is  a nomograph  for  converting  the  doses  read  out  on  these  varimis  rules  to  an  eriuivalent 
steady-state  noise  level,  t-'or  this  study,  this  is  a valid  conversirm,  because  the  uriisc  levels  to 
the  subjeel-oecupieil  arciisilid  not  change  appre'ciably  in  level  either  in  time  lover  a ■l-hour 
watch)  or  within  the  watch  standing  area.  .Some  t»f  the  dosmieiers  Initl  microphones  on  crUrls 
and  clips  and  we.e  worn  at  collar  (earl  level,  others  harl  microphones  integral  with  the  unit 
and  were  worn  at  the  chest  pocket  or  held  level.  However,  the  noise  levels  were  very  con- 
stant both  •erlically  ami  horironially  within  these  nml(iteHeclive  reverberant  spaces.  Micro- 
phone placeinenl  was  not  considered  to  be  a problem  of  the  same  magnitude  as  other  more 
idenlillahle  problems  ami  couUI  certainly  not  be  differentiated  out  with  the  imager  daia  ili.ii 
were  collected.  1-igure  .S shows  the cotpsnian.  RA  Olson.  H.MI.  calibrating  ami  or  leailiiig 
the  dosimeters. 


'US  Navy.  1-mitotiroeiii.il  ,iml  I’leveiinvc  .Meduiiie  Unii  r>  knell5)  lo  III  .Set  l-.P.Ml'ii'n  ni.  n5(i,S  m s 
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eaUIVALENT  steady-state  noise 
FOR  3 dB/60  d8  RULE 


PHYSIOLOGICAL  AND  PERFORMANCE  TESTS 


Three  types  of  measures  were  made  on  noise-exposed  and  control  subjects:  atidio- 
meter  tests,  four-choice  serial  reaction  times,  and  a modified  version  of  the  Stroop  color 
word  test.  Each  test  is  described  in  the  following  sections. 


AUDIOMETER  TESTS 


The  first  concern  of  excessive  noise  exposure  is  damage  to  hearing,  either  a temporary 
threshold  shift  (TTS),  which  is  readily  measurable,  or  a permanent  threshold  shift  (PTS), 
which  is  not  so  easily  measurable.  On  the  average,  noise  exposures  of  94  dBA  for  4 hours 
should  produce  some  TTS  if  measured  as  prescribed;  io,  within  2 minutes  alter  cessation  ol 
noise  exposure. 

The  audiometer  used  in  these  tests  was  the  Grason-Stadler  1 702  Recording  Audio- 
meter. a fixed-frequency  Bekesy  trace  type  audiometer  that  tests  first  iie  frequencies 
500,  1000,  2000,  3000.  4000,  6000.  and  8000  Hz  in  one  ear  (the  left)  then  at  the  same 
ordering  of  frequencies  in  the  right  ear.  and  finally  at  1000  Hz  in  the  right  ear.  Figure  9 
shows  two  audiograms  taken  at  0850  and  1610  on  a subject  to  show  the  expected  consistency 
when  tested  in  olT-watch  periods.  Baseline  audiograms  were  given  to  the  48  preselected  men 
at  dockside  in  Alameda,  California,  before  ORLSKANY  left  for  Pearl  Harbor  en  route  to 
Subic  Bay.  These  audiograms  were  given  jointly  by  Dr  RG  KInmpp  of  NUC  and  Robert  A 
Olson.  HM I.  Olson  was  being  trained  in  the  use  of  the  1 703  by  Dr  KInmpp.  Olson,  or  one 
of  his  colleagues,  also  trained  by  Dr  Klumpp,  gave  all  the  audiometer  lesis  once  the  ship  was 
underway.  More  details  on  sweep  speed,  lime  on  each  rrei|uency,  etc,  arc  available  In  the 
1 703  technical  manual. 

The  background  noise  levels  in  the  Industrial  Acou.stic  Corporation  (lAC)  amliometric 
hoolh  were  checked  out  in  detail  by  USN  Preventive  Medicine  Unit  6 in  Augusi  and  spot 
checks  were  also  made  by  Dr  RG  Klumpp  before  ORLSKANY  lefl  Alameda.  The  booth  met 
specifications.  Figure  lOshowsIhcaudiometer.  the  booth,  and  Corpsman  Olson.  I'igure  II 
shows  a man  In  the  booth  taking  the  audiometer  tests. 

Initial  planning  was  centered  on  schetiuling  attdiometer  tests  for  four  men  at  the 
beginning  and  the  end  of  one  of  their  five  different  4-hour  (but  not  their  2-hourl  watches 
sometime  during  their  1 2-dity  steaming  periofl.  Figure  1 2 ami  table  1 show  the  initial  plan. 
Note  there  are  three  watches  covering  a 1 2-ilay  steaming  period  (from  Pearl  Harbor  to  Subic 
Bay  in  the  Philippine  Islands).  The  numerals  above  and  below  each  4-hour  watch  In  figure  1 2 
show  the  subsection  scheduled  for  audiometer  lest  on  that  particular  watch.  Note  that  in 
this  manner  each  man  (watch  stibss’ctionl  would  be  tested  before  and  after  each  watch 
period  once  during  the  1 2-diiy  sti'aming  period:  to  wit,  and  as  shown  in  table  I . the  first 
subsection  of  watch  one  ( 1 1 1 is  if  sled  before  and  after  the  O0Ut)-(l40()  svalch  on  day  I . the 
04()0'08(l0  watch  on  day  3,  the  080U-1 200  walcl;  on  day  5.  the  2000-2400  watch  on  ilay  7 
and  the  1 200-1600  walch  on  day  10.  Table  I details  how  all  the  other  15  subsecllonsare 
covereil  in  this  same  general  manner. 

A maior  obj.'clive  of  the  e.\perlmenial  design  was  to  get  posi-itoise-exposure  (eitvl  ol 
walchl  atidiograitis  Innnedialely.  {■oitsetiuently,  wttlim  each  group  of  subjects  ihree-tnan 
teams  were  arranged,  one  from  each  watch,  such  that  stibiecl  "a"  1 1 1 2 1 in  table  2)  couLI 
have  a prewalch  audiogram  anil  leplace  "b“  1 1 1 1 1 1.  who  would  then  go  inimedtalely  lor 
Ills  post  watch  audiograni.  I our  hours  later  "c"l  1 131 1 would  have  Ins  pretest  and  replace 
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riglire  'I.  Sample  audiogiam. 

"a"  ( 1 1 ^ 1 1,  who  would  imnu'Omk'ly  haw  his  post  lest,  l•■ou^  hours  lalor  "h"  (1111)  would 
have  his  prelesl  and  replace  "c"  ( I Id! ).  who  would  Immedialely  have  his  posllesi.  This 
cycling  would  comimie  Tor  (lie  l^day  lesi  regime.  Tiie  rotation  sclieme  was  supplenienis-d 
witli  a sliglii  staggering  of  tlie  watcli  periods  so  tlial  llie  four  .t-nian  control  group  teams 
i.f  1-  •)  would  change  walclies  .10  minutes  hefore  tile  sciieduled  walcli  cliange;  (lie  four  .1-man 
I’N  teamst-l  ■■)  wouU  change  l.l  minutes  hefore  the  watch;  and  the  eight  .1-man  UK  group 
teanist  1\  - -1  would  cliange  watches  on  the  hour  ( II  - -land  1.1  minutes  past  llie  hour 
(i:--l. 

At  an  iniiiiil  meeting  alioard  sliip  hefore  sailing,  eacli  man  was  given  a 1 1'y  1 card 
listing  llie  esact  limes  lie  was  to  have  prewalcli  and  postwatch  audiograms  and  to  relieve 
and'or  to  he  relieved  hy  his  other  team  memhers.  The  importance  of  having  ids  post  walcli 
audiogram  immedialely  was  empliasi/ed  repeatedly  during  tills  meeting. 

In  spile  of  inilial  lirlefings,  llie  issuance  of  individual  scliedule  cards,  daily  memos 
rotating  tile  sclieduies  to  all  involved  eilgineering  department  divisions  t A,  II.  I’,  M.  and  H i 
for  posting,  and  llie  sending  of  messengers  to  round  up  delini|uenls.  it  was  not  pos'.;i>le  to 
gel  llie  men  to  llie  audiomelric  lest  hiHilli  on  schedule,  it  was  a taie  occasion  indeed  wlien 
even  a single  noise-e.s posed  iiidividiial  started  Ills  posiwalcli  audiogram  williin  5 minutes  ol 
leaving  tile  noise.  Of  the  10  scheduled  iimliomeler  tests  tor  every  suhieci  (helnie  and  allct 
e.ich  ol'  the  live  ilifferenl  “l-liour  periods  scattered  over  I ' daysi.  the  average  turnout  was 
50' ; and  the  average  lime  after  watch  was  '0  («5i  minules,  'llie  delay  was  due  to  the 
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TtST  SUBJECTS  GROUPINGS 


I’igurc  1 2.  Twctvc-day  l-in-d  walch  schodiilc  sliuwtiig  the  sclicdiiliiig  ot  four  siibseciions 
wiiliin  a walch  I'ur  audiuiiwlcr  lasts  (numcialsahuvc  and  hvluw  cacli  ddiuiii  waicli). 


TAULi;  I.  AUUIOMliThRTl-ST  SnihDUU-;  l•<)R  illl.  I'lVh  d.llDUR  WATCH 
Pl'RIO'JSOVliR  T lII-:  I.M)AYCONTINllAI.SH:AMINti  l‘i:RI()t)  l OR  Tllh 
l-OUR  SUIISIRT  IONS (SliCONl/NUMI'RAU  WITHIN  hACH 
watch  SWTION  (ITRST  NUMhRAU 


watch  I’hRIOI) 


TABLE  2.  CODE  NUMBERS  FOR  THE  48  EXPERIMENTAL  SUBJECTS 
ARRANGED  TO  SHOW  FROM  TOP  TO  BOTLOM  THE  16  THREE-MAN 
TEAMS  WHO  CONTINUALLY  REPLACED  EACH  OTHER  ON  SUCCEEDING 
WATCHES.  IN  COLUMN  i ARE  LISTED  THE  THREE  EXPERIMENTAL 
GROUPS,  IN  COLUMN  2 THE  INDIVIDUAL  SUBJECT  IDENTIFIERS. 

IN  COLUMN  3 THE  WATCH  SECTION  NUMBER,  AND  IN  COLUMN  4 
THE  SUBSECTION  WATCH  SECTION  NUMBER. 
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Hiii'iit'  at  the  testiiii  booth,  since  everyone  teiuleil  to  chaniie  watches  at  the  scheiltiletl  time 
insteail  of  on  tlie  experimental  stagjtereil  scheJtile.  Deiaileil  examinations  ol' available  pre- 
watch and  postwntch  andiottrams  to  identity  TI'S  revealed  none. 

Consciiiiently,  a new  diapnostic  strategy  was  devised.  Some  time  after  10  days  at 
sea.  two  audiograms  taken  before  and  after  a watch  were  compared  to  the  subject’s  baseline 
audiogram  taken  after  days  and  weeks  in  port  tat  Alameda  prior  to  departttre).  l ight  of  y> 
audiograms  were  judged  by  at  least  two  people  with  audiological  training  to  sliow  some  indi- 
cation of  ITS. 


l•ouu-cllC)l^•:  siikiau  kuaction  timi-.  ii-.sts 

Wilkinson  iref  6.  Idb'fi,  in  reviewing  multiple-choice  serial  reaction  time  tU  I ) tests, 
found  them  to  be  sensitive  ittdices  of  the  effects  of  environmental  stress,  Wilkinson  and 
Houghton  Iref  7.  I'I’.Si  desigried  a |Hitlable  four-choice  RT  tester  based  on  a batlery-o()erated 


‘Wilkinson.  It T r I .Some  laeims  inlluetKiiig  the  effcci  ol  envnoninenial  siievses  on  peifoiniance. 

I'syeh  llntl  11. 1M)1H 

’Wilkinson.  Iff.  anil  lloiiglilon.  1)  tl‘>V,S|.  Poiialile  I’mii-dioiee  Iteaviion  1 line  lesi  isilli  .Magiielic  la|W 
Meiiiuiy,  Ueliavioi  Iteseaieli  Meiliods  and  lusiiuiiieiiiainw.  7 (,S|,  441  44li.  .Sepieniliei 
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cassette  tape  recorder.  The  equipment  is  shown  in  figures  13  and  14.  The  subject’s  task 
is  to  push  the  switch  that  corresponds  to  the  one  lighted  bulb  selected  at  random  by  the 
device.  If  correct,  a 2000-Hz  tone  is  recorded  on  the  tape.  If  incorrect,  a 4000-Hz  tone  is 
recorded.  The  difference  in  time  between  the  lighting  of  the  red  bulb  and  the  switch  press 
is  the  measure  of  RT.  Whether  correct  or  incorrect,  the  pressing  of  the  switch  turns  off 
the  bulb  and  triggers  the  next  random  choice  of  lighted  bulb.  Computer-aided  readouts  of 
cassettes  containing  data  on  tests  given  at  the  beginning  and  ending  of  the  watch  periods 
to  a limited  sample  from  all  experimental  groups  listed  the  number  of  attempts,  average 
RT,  errors,  and  gaps  (RTs>  1 sccondj  at  the  end  of  each  minute  of  the  S-mimite  test. 

After  other  testing  routines  had  been  stahili/ed,  subjects  on  the  0800-1200  and 
1200-1600  watches  were  tested  on  the  Wilkinson-Houghton  device  as  soon  as  possible  after 
commencing  a watch,  and  the  same  subject  was  tested  again  toward  the  end  of  the  watch. 
From  one  to  four  subjects  were  tested  during  a given  watch  so  that  the  initial  time  in  noise 
(or  quiet)  before  the  start-of-watch  test  varied  from  about  1 0 minutes  to  40  minutes.  The 
time  on  watch,  between  the  first  and  second  tests,  averaged  3 hours  ±15  minutes.  No 
predeparture  baseline  tests  in  fact,  no  practice  tests  of  any  type  were  given.  However, 
practice  runs  for  as  long  as  each  subject  desired  were  given  prior  lo  the  actual  timed 
5-minute  test. 


MODIF lt:i)  STROOl’  COLOR  WORD  I FST 

During  the  time  that  one  experimenter  was  administering  the  I'our-choiee  RT  lest, 
the  second  experimenter  was  administering  a form  of  ihe  Stroup  lesi  to  another  subject 
iti  the  work  environment.  TIte  Stroop  test  nteasures  perceptual  interference.  In  the  ori- 
ginal (its  more  usual)  form,  five  colors  are  used  in  three  ways;  colitr  uiimes  in  black  ink 
(WORD.S),  color  palclies  (IIUUS).  and  color  names  in  incompatible  hues  of  ink  Ifor  example, 
the  word  RiiD  spelled  in  green  ink  (Ml,\lil)l).  The  subject's  usual  task  is  to  name  as  tnany 
WORDS,  MUFS,  or  MIXFD  hues  (not  siH-lled  words)  as  pos.sible  in  a fixed  lime,  or  to  sort 
oitt  sets  of  labeled  cards  while  an  experimenter  limes  him.  T he  me:isure  of  perceptual 
interference  is  the  ratio  of  (or  differences  between)  ink  hue  tMlXLD)  scores  and  either  one 
of  Ihe  other  two  scores. 

ITie  testing  materials  available  aboard  ship  (left  over  from  project  ITN(l)  consisietl 
of  only  three  colors  (RI  D,  ORFFN.  and  DUIF).  and  initial  testing  showed  this  to  be  loo 
easy  a task,  so  color  pairs  were  usetl  as  follows;  pairs  of  colot  wonls,  color  patches,  aiul 
color  names  printed  in  iitcompatible  hues  were  plaivil  on  M>  cauls.  For  the  color  names 
printed  In  black  ink  (WORD.S)  and  for  the  color  patches  tllUl  S),  there  were  four  replica- 
tions of  all  possible  comhinations;  for  example,  there  were  lour  RFD  R1  DS,  four  R1 T) 
liUlFTS,  ldi;r  RFD  (iRFl  NS.  four  Ifl.DF  lU.UF.S.  four  lil.DI.  RFD.S.  four  IdUl  (ilU  I NTS, 
tour  (IRF.F-N  ORFF.NS,  hnir  OR!  FN  RF-DS,  and  firur  (iRl.l  N lil.tll  S.  F*or  Ihe  inerrmpal- 
ihly  colored  ink  names  iMI.XFDl.  there  were  necessarily  four  permutations  of  each  combi- 
nation;  for  examplt.  RFD  Ri  D was  printed  in  huesol  HUT  HI  IT  . ItU'l  tiRI  1 N,  (IRI  FN 
(IRFFN,  and  ORFFN  HLL'F.  as  were  Rl  D Hl.UF,  Rl  DORl  FN.  etc.  A box  was  made  up 
with  nine  bins  identified  with  pans  of  colored  patches  ino  pilnicd  words)  and  suhiecis  were 
asked  10  sort  the  shullled  deck  ol  .){>  piinled  WORD  parts  into  Ihe  nine  bins  isce  fig  1 5a  and 
1 5b),  They  were  limed  with  a slop  watch.  Seconil.  the)  soiicil  Ihe  .>(i  color  )ialch  cards 
(IlUF.S)  into  the  nine  bins  .uid.  linally,  Ihe  .Fh  inconipaiible  hue  word  c.itil  pairs  t.MI.XFD). 
This  seas  done  on  35  subjects  at  the  beginning  .ind  tow  aid  the  end  ol  a 4-hout  watch  period. 
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Figure  U.  Picture  of  the  WUkin$on*Hou^ton  portable  four>cholce  serial  reaction 
time  (RT)  tester. 


always  in  the  order  WORDS,  HUES,  MIXED.  It  was  done  in  the  watchstanders’  working 
environment.  Since  as  many  as  four  subjects  were  sometimes  tested  by  one  experimenter, 
the  elapsed  time  between  tests  was  closer  to  3 hours  than  4. 

The  basic  raw  score  consists  of  the  time  in  seconds  required  to  completely  sort  the 
decks  of  cards  into  the  bins,  one  score  for  the  printed  WORD  pair  in  black  ink,  one  for  the 
color-patch  (HUE)  pairs,  and  one  for  the  incompatible  ink-hue  word-pair  cards  (MIXED). 
There  were  very  few  errors,  but  when  an  error  occurred  a 3-second  penalty  was  added  onto 
the  time  score. 


RESULTS  AND  DISCUSSION 


AUDIOMETRY 

As  stated  in  Method,  despite  every  effort  to  get  the  men  to  their  postwatch  audio- 
metric test  as  soon  as  possible  after  their  exposure  to  noise,  it  did  not  work  out.  Preliminary 
investigations  of  prewatch  and  postwatch  audiograms  showed  a slight,  nonsignificant  increase 
in  hearing  acuity  after  the  watch.  Although  not  large  enough  to  belabor,  the  apparent  reason 
was  increased  arousal  level.  On  average,  and  especially  for  those  going  on  watch  at  midnight 
and  0400,  and  to  a lesser  degree  for  those  going  on  at  0800  and  3000,  the  subjects  were 
often  half-asleep  during  the  administration  of  the  prewatch  audiogram.  At  the  conclusion 
of  their  watches,  the  men  may  have  been  physically  tired,  but  they  were  certainly  wide 
awake  and  apparently  attended  somewhat  better  to  their  audiometric  tests. 

Since  the  temporary  threshold  shifts  at  the  conclu-sion  of  the  4-hour  watches  were 
not  immediate  and  therefore  of  no  diagnostic  value,  an  effort  was  made  to  find  whether  any- 
one sustained  a measurable  hearitig  toss  over  a 10-day  continual  steaming  period.  Two  audio- 
grams  on  eaelt  man,  one  prewatch  and  one  postwatch,  were  taken  after  at  least  10  days  at 
sea.  These  audtogratns  were  then  compared  to  each  man’s  baseline  audiogram.  The  resulting 
number  of  complete  sets  of  three  audiograms  per  person  actually  totaled  40.  However,  tlte 
swings  or  deflections  made  by  one  subject  between  his  heard  and  nol-liciird  judgments  were 
often  so  long  (i  10  illll  lliat  thresliold  level  could  not  he  determined  objectively,  tind  Itis 
audiometric  set  was  discarrletl.  Thus,  the  final  total  was  ,W  .sets  of  auiliograms.  Of  tliese,  1 1 
were  from  the  quiet  group  (Q.  fig  1(>).  1 1 from  the  protecteil  group  (PN,  fig  17).  and  17  from 
the  unprotected  group.  Of  tlte  unprotected  17.  nine  wem  known  to  be  unprotected  all  the 
time  (UN,  fig  18).  .Some  doubt  existed  about  eight  as  to  whether  they  did  or  did  not  wear 
earphones  (protection  I most  of  the  time.  These  eight  were  removed  from  llie  unprotected 
group  to  make  up  a fourth  group  culled  assumed  unprotected  (AUN.  fig  19). 

The  hearing  levels  (Ills)  below  3 kllr  for  all  groups  were  high,  as  if  low-frequency 
noise  masking  was  a factor.  However,  noise  ineasurenients  in  the  booth  indicated  the 
contrary.  leaving  two  possibilities;  unsatisfactory  earmuff  seals  or  an  out-of-calibration 
audiometer.  .Since  the  audiuineler  was  calibrated  before  the  study  began,  the  earmuff  sends 
must  have  been  faulty. 

The  averages  shown  in  figures  lb  through  19  indicate  higher  baseline  thresholds  m 
the  left  eat  at  the  three  lowest  frequencies.  This  could  very  well  lie  a practice  effect,  smee 
Ihe  left  ear  baseline  thresholds  were  the  first  that  a subject  worked  on  m this  testing  format. 
This  would  explain  the  fact  that  the  unprotected  and  assumed  unprotected  left  e;its  showed 
no  threshold  shifts  in  the  lower  fretiueneies  m the  prewatch  and  postwatch  audiograms 
while  the  right  eats  did  sliow  some,  particularly  m the  postwatch  tests. 
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The  high  hearing  levels  (lILs)  for  all  groups  at  3, 4,  and  6 kHz,  shown  in  table  3, 
indicate  that  at  least  some  members  of  each  group  have  reduced  acuity  (probably  PTS  from 
long-term  noise  exposure).  The  quiet  group  shows  no  threshold  shift  in  the  postwatch  audio- 
grams,  whether  compared  to  prewatch  test  or  baseline  test.  The  protected  group  shows  a 
mean  2. l-dB  threshold  sliift  in  the  posiwatch  test  above  2 kHz  in  the  left  ears  but  none  in 
the  right  ears.  The  assumed  unprotected  group  shows  a po.ssible  postwatch  audiogram  shift 
at  6 kHz  in  the  left  ears  and  at  all  frequencies  in  the  right  ears.  The  unprotecled  group  shows 
shifts  at  all  frequencies  above  3 kHz  in  the  left  ears,  as  compared  to  baseline  but  not  as  com- 
pared to  the  prewatch  audiogram;  the  right  ears  show  the  same  at  frequencies  above  2 kHz, 
but  there  are  also  shifts  at  1 and  2 kHz  with  respect  to  both  baseline  test  and  prewatch  lest. 
All  postwatch  3 8-kHz  threshold  shifts  from  baseline  audiograms  were  evaluated  by  the 
t-test  of  significance;  the  only  one  found  to  be  statistically  significant  was  the  5-dli  mean 
shift  at  4 kHz  found  in  the  right  ears  of  the  unprotected  group.  This  shift  was  significant 
at  better  than  0.01  probability  level.  Significance  of  mean  shifts  of  combined  prewatch  and 
postwatch  thresholds  from  baseline  was  also  checked  (both  by  t-test,  analysis  of  vair.  nce, 
and  F-test),  but  these  data  did  not  reach  the  0.01  level  of  significance. 

As  might  be  expected,  the  mean  audiograms  for  all  test  sessions  combined  dipped 
lower  in  the  high  frequencies  for  the  two  unprotected  groups  than  for  the  protected  groups. 
The  mean  3-8-kllz  hearing  levels  were  10.4,  10,0,  1 5.3,  and  1 5.5  dli  for  the  quiet,  pro- 
tected, assumed  unprotected,  and  unprotecled  groups,  respectively.  How  much  of  this 
average  5-dB  difference  can  be  attributed  to  the  particular  noise  environments  described  in 
this  report  is  open  to  question,  but  the  difference  strengthens  the  possibility  that  there  is  a 
gradual  occupational  threshold  shift  accruing,  though  too  gradual  to  measure  over  one 
steaming  period  with  the  degree  of  audiomelric  schedule  devialions  described. 

Independent  evaluations  of  the  senior  author  and  a research  audiologisl  from  the 
San  Diego  Naval  Regional  Health  Center  (Palmer  NefO  found  eight  of  the  39  men  with 
observable  changes  in  hearing  level.  Of  these,  four  were  in  the  unproiected  noise  group 
and  three  were  in  the  assumed  unprotecled  group,  and  one  was  from  the  tiuiel  group  who 
stood  watches  in  the  lingineering  Log  Room.  Conversations  with  him  land  some  of  his 
mates  from  the  same  berthing  urea)  revealed  that  during  any  available  leisure  lime  he 
lislened  constantly  to  loud  rock  and  roll  music.  His  males  fmally  persuadetl  him  to  listen 
Ihrougli  earphones  to  keep  the  nuisance  value  down.  He  staled  he  always  lislened  at  the 
loudest  level  he  couhl  tolerate,  tixeepi  for  his  left  ear  at  500  and  1000  Hz.  he  appears  to 
have  a rather  consistent  'I  TS  of  about  10  dU. 


NOISE  EXPOSUtUi 

Allhough  more  delailed  measurements  are  available,  the  general  results  can  he  sum- 
marized by  noting  lhal  all  spaces  occupied  by  the  noise-e.'iposed  suhjecls  1 1 ) were  very  stable 
in  A-welghted  noise  level  ihroughoul  any  4-himr  watch  at  about  92  dllA  Isiandard  devia- 
tion “ 7.9).  (2)  were  coi.sislent  within  any  walchsiunding  ari'a.  and  (3)  were  never  outside 
the  limits  of  94  (.»,7)  dl)  A-weighting.  with  ('-weighting  minus  A-weighling  levels  of  5t  *2) 
dll.  The  ambient  level  for  the  control  subjects  was  bSI  <5i  dllA  wiili  C-A  dilleteuce  of 
5l ! 2)  dll.  The  more  delailed  measurements  are  discussed  further  in  the  section  on  dosimetry 
which  follows. 
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tabu;  3.  AVHRAGl;  m-ARING  LiiVbLS  (HL)  FOR  FOUR  GROUPS 
AT  3. 4.  6,  AND  8 kllz  IN  LFFT  AND  RIGHT  F.ARS  FOR  BASHLINF. 
AND  PRKWATCH  AND  POSTWATCH  CONDITION. 


Quid  group  (N=I1) 


U-ft 

Base 

Pre- 

PosI- 

Rigiit 

Base 

Pre- 

3 kHz 

‘).6 

11.6 

10.9 

3klfe 

9.4 

9.8 

4 

1 3.6 

14.9 

12.4 

4 

14.6 

14.3 

6 

13.2 

il.H 

12.4 

6 

170 

11.4 

8 

S.2 

4.7 

5.6 

8 

5.1 

4.4 

Mean 

10.4 

10.8 

10.3 

Mean 

11.5 

10.0 

Mean  HL  for  all  cunditiuiis^  10.4 


Protected 


Ufl  (N= 

11) 

Right 

3klU 

II. 1 

12.3 

13.4 

3 kHz 

6.1 

4 

14.9 

13.8 

16.4 

4 

11.3 

6 

15.2 

13.7 

17.4 

6 

IU.6 

10.1 

8 

6.4 

7.2 

8.1 

8 

2.6 

3.6 

Mean 

11.9 

11.H 

ki......  ti 

13.8 

Meait 

7.7 

7.5 

Mean  HL  for  all  coiiditioib  ^ lO.U 


Assunted  Unprotected 


ui'i  (N»a) 

Kislil 

3 kHz 

16.8 

K...1 

15.') 

.7  811/ 

l’.4 

130 

4 

;u) 

17.0 

:i.5 

4 

176 

17,5 

(- 

i:,4 

14,<) 

16.6 

6 

71,6 

70,4 

8 

‘!,5 

>M 

8.*) 

K 

10.7 

10.1 

Mean 

u.y 

14.4 

it 11 

1.5.7 

1 ..II  ......1 

Mean 

14.7 

15.7 

Mean  HL  fur  all  condiiium  ■ 1 5.3 


Uitpiutected 


Lcfl  IN"*))  1 

Rililil 

3 kHz 

15.6 

15.6 

|7,(. 

3 kHz 

12.6 

I4,‘i 

4 

18.1 

71.') 

70.7 

4 

14.0 

16.8 

6 

17.1 

70.1 

18.8 

6 

9»J 

14.6 

8 

17.') 

70  1 

I7,« 

K 

4.6 

10.0 

Mean 

I5.<) 

19.4 

18.6 

Mean 

10.3 

14.1 

Mean  HL  f<>(  all  vondiiiMt!^  “ 1 5.5 


DOSIMETRY 


Figure  20  shows  the  equivalent  noise  levels  as  measured  by  dosimeters  which  were 
worn  on  77  separate  occasions  (4-hoiir  watches)  by  40  subjects  in  1 1 different  spaces.  On 
14  occasions  the  same  man  wore  a 5/00  and  a 3/85  rule  dosimeter  and  these  pairings  are 
plotted  according  to  the  identity  of  the  pairs  as  open  symbols  in  figure  20.  If  ( I ) each 
member  of  the  pair  was  accurately  designed  and  calibrated,  (2)  tlie  microphones  were  worn 
at  the  same  general  location,  in  breast  pockets  or  on  the  belt,  for  the  entire  time,  and  (3) 
the  assumption  is  correct  that  equivalent  steady-state  levels  can  be  used  as  a datum,  then 
these  paired  dosinteters  should  define  a 45-degree  line  in  figure  20.  Of  the  14  pairs,  1 1 arc 
within  5 dB  of  defining  the  same  noise  level.  The  pairs  at  70-78  (2  and  5).  83-68  (3  and  6), 
and  92-98  (4  and  7)  do  not  meet  these  criteria.  None  of  the  out-of-linc  pairs  have  enough 
other  points  to  determine  whether  they  are  in  fact  out  of  calibration  or  whether  some  other 
artifact  entered  into  the  mismatch.  The  pairs  most  often  matched  ( 1 and  5 si.\  times  and 
2 and  6 three  times)  do  fall  into  a linear  configuration  with  a slope  somewhat  less  than  45 
degrees.  The  other  points  on  figure  20  are  measurements  by  a single  5/90  (x),  3/85  (+),  or 
3/60  (+)  dosimeter  and  plotted  on  the  45-degree  lines.  They  define  a histogram  of  the  noise 
exposures  encountered  in  the  study.  There  is  some  question  of  the  validity  of  the  four  non- 
drcled  data  points  at  7 1 . 72.  and  73  dBA  since  they  represent  doses  of  2,2,3,  and  4 per- 
cent, which  is  also  the  ease  for  the  lower  reading  of  the  70-78  and  8.3-68  pairs  previously 
mentioned  as  being  beyond  the  usable  error  range.  I’ercentages  of  4 or  less  are  suspected  to 
be  due  to  circuitry  noise  (errors). 

The  modification  of  the  3/85  dosimeters  to  lower  their  thresholds  to  60  dlJ  A,  called 
3/60.  was  not  satisfactory  for  usage  in  quiet  areas  aboard  sliips.  The  reason  is  that  their 
dose  reads  only  to  999,  which  corresponds  to  an  equivalent  steady-state  level  of  73  dllA. 

Tills  obviously  is  not  a sufficient  range  (note  the  truncation  or  bundling  of  daluiii  points 
at  73  dB).  Aboard  aircraft  carriers,  an  obviously  better  choice,  or  simple  modification, 
would  have  been  a threshold  of  70  dlJ.  In  actuality,  for  research  purposes,  dosimeters  tliat 
give  the  aniouni  of  acciiniulaied  time  (hat  the  levels  exceed  each  3-  or  5-dB  step  would  be 
more  appropriate. 

The  object  of  using  the  dosimeters  was  not  to  cross  calibrate  them,  but  to  see 
whether  they  predicted  in  any  way  observed  noise-induced  hearing  lossi.’s  and/or  to  see 
whether  their  measures  correlated  with  physical  levels  measured  in  the  work  areas.  As  slated 
previously,  the  prewatcli  versus  postsvatch  audioiiietrled.ua  were  not  well  controlled,  but  a 
measure  of  10-day  Tl’S  was  used  to  ideiitif)  subjects,  fables  4 and  5 are  laid  out  to  answer 
both  these  questions:  Are  the  noise  exposures  greater  for  the  men  showing  some  TT.S?  And 
how  noisy  are  the  work  areas  in  terms  of  equivalent  ste  'dy-slate  noise  level  tF.SSNl.l'.’ 

I'tom  table  4 it  is  appateill  that  there  is  no  sig  iificaiit  noise  exixisure  level  difference 
between  the  eight  subjects  who  exhibits-d  some  10-day  ITS  and  those  who  did  not.  The  only 
thing  thoroughly  convincing  is  that  the  subjecis  who  normally  wore  hearing  protection  were 
jioi  among  (he  eight  exhibiting  TI'.S. 

('oiicerning  the  comparison  between  l-.SSM,  and  physical  noise  levels,  it  can  be  ob- 
served from  tables  4 and  5 that  the  iigrs'ement  isvvilhiii  2 dit  and  not  slutislically  different, 
And  bolh  agree,  and  observation  confirms,  the  levels  in  After  Steering  are  geneully  higher 
and  more  variable. 

Conceriiing  doses  vviihiii  the  same  work  ars-a.  there  are  variations  Ifroiii  84  to  ‘>,5  ni 
Fire  Room  I , Ktl  to  95  in  Fire  Room  2. 8 1 to  93  in  Fotward  I iigitie  Room,  and  S3  lo  I 111 
in  After  Steering).  I’hysical  measurements  agree  in  general,  but  people  do  occasionally 


tQUIVA(,SNT$t6Aev  STATIN0ISt  LSV61.  'RSSNl  8ASBP  ON  6WtlB  RUIE 
lOOSlMBTeHS  1.2. 3,  Si  41 


I’HiUii' ;»,  I'.iluivillsnl  sitaJy'Slaiit  noia,'  U'vcis  fo(  5J  ili'simelci  feailiii|!s 
by  uiing  ftsutif  7. 


Umu'  till'  miiny  arv'ii  itml  llivri-'  y rctlnyv  Ihoir  v.\posury.  If  lliyry  wore  mi  JifforyiKOi..  Ihyry 
muilJ  liy  nil  muni  Uu  ilosiim-K'fs  in  spaccy  such  as  ihcsc.  whicli  arc  in  fuel  remarkably  sicaily 
in  niiiw  level. 

There  are  only  iwo  lUisinieier  reailimrs  in  berlhinti  areas  loff  waleh).  ami  both  show 
levels  well  above  those  in  the  houses  ashore  in  which  it  is  assumcil  civilian  imluslrial  workers 
recover  ftoni  Uieir  s-hout  noise  e.\|)osures.  In  the  oriiiinal  |ilaos  for  Ibis  simly  the  iletermina- 
lion  of  lersure'liout  space  muse  exposure  levels  was  of  major  concern;  bul  when  lire  recorvlinp 
intepralinp  soumi  level  nieasirreinenl  et|uiprncnl  poi  lied  up  in  a hijiher-prioiiiy  and  belter- 
fiminved  ptoiecl.  Ibis  pnase  had  In  be  vlropped.  With  the  ineaper  data  available,  the  question 
ol  whelher  the  eipht  subjecis  with  lO-vlay  TI'.S  were  more  vulnerable  to  their  noise  environ- 
ment durinp  4 liours  on  vvaich  or  to  their  lack  of  a quiet  recovery  area  cou'd  not  be  answered. 


I OC  U-ITIOICI-  StUIAL  UT  TliSf 

lire  results  ni  tire  four-choice  reaction  test  piven  at  the  benmnmp  and  end  of  a 4-hour 
uaiih  .ire  ilisplayed  III  liiiuies  dl-d.t  ITpute  dl  shows  the  reaction  time  in  seconds  at  the 
end  ol  e.ieb  one  ol  the  < minutes  ol  the  lest.  The  lipiiie  is  laid  oiil  in  three  primps,  trom  top 
In  Imiiniii.  eipltl  ol  the  miise-e\(xivd  unprotected  su|viecls  ll-iNi.  eiphi  ol  llie  nuise-espiised 
pioiecied  subieelsil'Si.  and  seven  of  the  none\|vised  coiff'd  pioup  tUl.  The  subjects  ate 
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S0.0  SS.0  100.0  91.1  89.7  66.7  71.5  70.7  68.0 

0.0  S.S  0.0  6.5  5.0  0.6  2.1  4.0  7.8 


REACTION  TIME  IRT)  IM  SCCONOS 


TABLli  S.  NOISE  LEVELS  IN  MACHINERY  SPACES. 

EQUIVALENT  STEADY-STATE  NOISE  LEVELS  (ESSNL)  BASED  ON  DOSIMETTiR 
READINGS  AND  PHYSICAL  SOUND  LEVEL  METER  (SLM)  MEASUREMENTS. 


ESSN  L from 
Table  4 & Figure  20 

SLM  from 
PMU6(ref5) 

Standard 

Standard 

I'ire  Rooms 

Mean 

Deviation 

N 

Mean 

Deviation 

N 

1 

00.5 

3.1 

17 

92.0 

2.8 

18 

: 

8').8 

3.9 

14 

88.4 

3.5 

17 

3 

87.0 

0.0 

1 

89.5 

4.2 

l.S 

4 

80.0 

00 

1 

9i.4 

2.9 

14 

Fwd  Eng  Rm 

89.5 

4.7 

IK 

92.8 

3.2 

63 

After  Steering 

91.1 

6.5 

II 

94.0 

6.0 

37 

Avg 

89.9 

4.5 

62 

91.6 

7.9 

165 

Jl.  Siil<NCI>  liMik-iiiilininl  !•>'  Id  iuiimJ'i>L»iiii;ll  Kil. 

Miik-imkroil  Iroiii  Id'l  l»  n|!lil  on  llic  haNi>  ol'  llic  roiuTion  Him'  i UTl  U'si  iii  ilu'  oml  i>l  ilii; 
wakli,  wliidi  111  lu'lmilily  h Ills  wv'omi  iiiviii)!  «l  ilic  ic\l  ur  rl;lc^l.  TTihh'  ill  llu'  osHi'iiii' 

Icl'l  luvi'  ilu'  sliofU'sl  RT'.  iiml  CiK'li  MicTCdliii)!  Mihwcl  III  till-  riglil  Uiki".  iiropu  svivi'lY  Ihiiiut 
lit  rciii'l.  Till'  iii'iu'tal  iri'iul  I'lit  nil  miMi'TIs  is  in  iK'lcrwriilo  in  pi'tl'oriiiiiiici'  (Iniigi'i  R't'vl  Inr 
«uTi  smii'i'iliiii!  iiiimili'  itl'  llu-  loM  ami  In  iiicrcaM.'  in  (wrliiriitaiico  I sluirUT  RTs)  Utr  llu' 
M'l'iiiul  U'sl  lai  Ilic  I'lul  ul  a 4-liiiur  waii'lil. 


RUCTION  TIM£  (RT}  IN  SECONDS 


REACTION  TIME 


NUMBER  OF  GAPS 


I 


RANK  OftOEftOF  ‘tND'  Ht  WlTMlNtmOuP 

2^  Avtff4g«  UTi.gapi.  aiiJ  cimriOaUWlliHtfadi  uub)ew<  tm  ami  amitiC  wauli  lank'iiidi^R'J  b> 
imJ>ur>wakh  RT. 
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Figure  li.  Average  RTs.  gaps,  ctiors.  and  gap  plus  cmws. 

A measure  of  llie  dclerioration  (increase)  in  RT  over  the  S-miiuile  testing  period  is 
a positive  difference  between  the  sum  of  the  RTs  at  the  end  of  iniinites  4 iind  5 and  the  sum 
of  minutes  t and  Talde  6 shows  lliese  differences  for  cacti  subject  in  eacli  grou|>  and  con- 
firms tliat  .46  of  ttie  46  slifferences  are  positive.  The  interesting  point  is  tliat  botli  noise 
grotips  slowed  down  more  after  5 minutes  of  testittg  at  tite  end  of  tite  watch  than  at  the 
beginning  of  tlie  watcli,  while  the  (|uict  group  did  tite  reverse. 

Another  measure  of  performance  decrement  with  prolimged  testing  is  the  increase  of 
abnormally  long  response  times  first  noted  attd  called  "blocks"  by  liills  iref  X,  I'f.fl ) and 
now  often  called  "gaps"  (ss'c  summary  review  by  I’onlton.  ref').  I'i7l ).  In  this  tour-choice 
serial  reaction  time  tusk,  a gap  is  deliited  as  any  response  time  greater  than  I second.  The 
difference  between  the  number  of  ga|is  at  the  end  of  mimites  4 and  .4  and  of  minutes  I ami 
2 gives  a measure  of  this  type  of  deterioration.  These  differences  are  also  shown  in  table  6, 
Note  that  the  quiet  subjects  show  a ileereastng  rate  of  deterioration  on  the  end-of-wateli  test 
wiiile  the  two  noise  groups  show  the  reverse.  In  summary,  tmth  the  RT  and  gap  measures 
show  greater  rales  of  deterioration  for  the  two  noise  groups  on  the  end-of-wateh  test  and 
less  for  the  quiet  group,  although  notte  of  these  observations  reach  statistical  significance. 

It  should  be  remembered  that  these  subjects  took  the  tests  tluring  tlieir  watches  in  their 
watch  stations.  There  were  noticeable  jol>-related  sliMraeiions,  such  as  their  mates'  rs'acting 
in  very  active  and  meaningful  ways  to  gauge  iHiintetsout  of  limits,  etc,  and  some  of  tliese 
“incidents"  are  reflected  in  spurious  points  in  figure  21.  It  is  believed  that  larger  samplings 
m slightly  more  remote  (Hisitions  would  have  tlghtenerl  up  the  results.  As  they  stand, 
however,  they  truly  represent  the  effects  of  the  environment  on  the  man's  performance. 

It  is  not  possible  to  Itave  reaiisin  and  still  get  results  with  laboratory-like  precision. 


'Ilillc,  Atil  I'l  l|  1,  ltl,i,l.iiig-A  new  piiiiciple  In  iiieiiul  laiigue.  Am  J I'sycli.  I t,  2.tU-2-I.S 
^ISittlntii.  F.C  t l*)71t.  Imvmaimeiii  and  timiian  bllivieihy.  .Spiaiglietd.  Iltiiiuis.  Ilioiiias 


TABLE  6.  SUMMARY  OF  DETERIORATION  IN  REACTION  TIME  (RT)  AND 
INCREASE  IN  OAFS  BETWEEN  TESTS  I AND  2 (START  AND  END  OF  WATCH). 
THE  DATA  ARE  DIFFERENCES  IN  RT  OR  GAPS  BETWEEN  THE  SUM  OF  THE 
SCORES  AT  THE  END  OF  MINUTEST  AND  5 AND  THE  SUM 
FOR  MINUTES  I AND  2. 

Reaction  Time  I Gaps 


Quiet  Group  (Q) 


Protected  Noise  Croup 
(PN) 


-4 

116 

112 

7 

-18 

-14 

91 

-120 

217 

-62 

185 

-130 

71 

120 

112.5 

-31.0 

73.0 

85.0 

69 

to 

84 

-24 

-50 

71 

45 

76 

26 

-20 

9 

180 

-127 

l.3<) 

87 

-158 

I Inprolected  Noise  Croup 


In  tnldilion  to  ongoing  changes  it  is  also  imporlum  lo  look  at  average  changes  lor  the 
whole  5-minule  lost  between  the  start-  anil  enO-ol'-walch  tests.  These  are  evitlenl  in  figiire  il, 
where  it  can  be  noted  lltal  in  the  unprolecled  noise  group  ( UN ),  seven  of  eight  subjects  show 
consistently  reduced  RTs  and  gaps  at  the  end  of  the  watch. 

Tlie  protected  group  (PNl  shows  only  I consistent  liniproved)  subject,  number  ,‘i. 
three  highly  variable,  ami  four  subjects  that  vary  incon.sistently  and  ininiinally  between  the 
beginning  irirsi)  and  end  (.seconill  of  watch  tests.  (Jn  the  average  (see  tig  tld).  the  endsif- 
watch  KTs  are  slightly  shorter. 


The  control  group  (Q)  results  in  figure  21  show  four  subjects  with  consistent  end-of- 
watch  improvements  and  three  variahle  subjects,  but  six  of  seven  with  an  aveiage  improve- 
ment (fig  22).  The  gap  data  (fig  22)  disagree  on  only  one  subject,  number  3. 

In  general,  the  error  rate  is  not  high  in  this  type  of  test,  and  that  was  true  for  this 
sample.  Errors  are  listed  in  tabular  form  on  figure  22,  and  there  are  but  five  subjects  who 
make  more  than  20  errors  (out  of  about  500  tries  per  subject,  so  that  20  errors  represents 
an  error  rate  of  4%).  Three  of  these  are  in  the  PN  group. 

Figure  23  shows  experimental  group  averages  in  terms  of  RT,  number  of  errors,  gaps, 
and  gaps  plus  errors.  Note  that  all  groups  show  a reduction  in  RT  and  gaps,  and  all  except 
the  PN  group  show  a reduction  in  errors  plus  gaps. 

In  summary,  the  four-choice  serial  reaction  test  results  given  within  the  first  half- 
hour  (start)  and  last  half-hour  (end)  of  a watch  show  that  all  subjects  tend  to  deteriorate 
toward  the  last  2 minutes  of  the  5-minute  task  both  at  the  start  and  end  of  a watch.  However, 
the  rate  of  deterioration  for  the  two  noise  groups  is  greater  at  the  end  of  the  watch  while  the 
reverse  is  true  for  the  qtiiet  group.  Averaged  over  all  5 minutes  of  the  test,  all  groups  show 
improved  performance  on  the  end-of-watch  test,  due  in  large  measure  to  the  fact  that  it 
was  the  second  time  they  took  the  test.  The  amount  of  improvement  was  greatest  for  the 
UN  group,  who  also  did  the  worst  on  the  first  test.  The  improvement  in  RT  (shorter)  and 
tries  (more)  was  accompanied  by  a reduction  in  gaps. 

The  restilts  could  be  explained  by  assuming  the  noise  aroused  the  UN  group  to 
greater  effort  (more  tries  and  shorter  RTs).  but  that  within  the  5-minma  sustained  test  the 
rate  of  deterioration  was  increased  by  the  noise  exposure. 


MODIFIED  STROOP  COLOR  WORD  TESTS 

Since  the  subject  populations  in  these  tests  kept  changing,  it  was  not  feasible  to  run 
this  lest  on  subjects  prior  to  the  time-in-noise  at  sea.  Therefore,  since  there  was  no  baseline 
lest,  there  was  a learning  factor  involved  and  llte  second  test  (given  at  least  .3  hours  after  tlte 
first  I was  always  performed  in  less  tittte.  as  can  be  seen  in  table  7 and  figures  24  tuul  25. 
Table  7 and  figures  24  and  25  show  the  mstilts  averaged  over  the  three  groups  ((,),  PN,  and 
UN)  for  the  three  types  of  Stroop  materials  (WORD.  IIUF.  and  MIXED)  for  both  the  start- 
of-watch  (1)  lime  reduction  ratios  (fig  24)  and  (2)  differences  between  all  combinations  of 
WORD,  HUE.  and  MIXED  ITME.S  (fig  25).  Arrow  lengths  represent  changes  in  these 
iiuantities  with  (he  second  giving  of  the  test.  Note  that;  ( I ) all  groups  performed  all  tasks 
in  less  lime  on  the  second  presentation  of  the  lest.  (2)  all  groups  took  less  lime  to  sort  the 
HUE  cards  and  more  time  to  sort  the  MIXED  cards,  and  (3)  the  Q group  took  appreciably 
more  lime  on  the  first  MtXliD  son  and  showed  the  greatest  improvement  on  the  second 
MIXED  sort.  The  atnmtnt  of  improvement  (time  reduction)  on  the  end-tif-walch  test  is 
plotted  ill  the  bottom  of  figure  24,  Over  all  groups  and  materials  the  time  reduction  ratio 
t r s/T  1 1 averaged  O.S  I 1 left  ordinate)  so  the  average  improvement  was  1.231  right  ordinate). 

The  significanve  of  the  Stroop  lest  lies  in  the  amount  of  perceptual  interference  in- 
ducetl  by  printing  the  color  names  in  incompatible  hues  here  ex|irev>ed  as  the  difference 
between  the  MIXED  score  and  the  HUE  score  and/or  the  difference  between  the  MIXED 
and  WORD  scores.  The  HUE.  minus  WORD  differential  is  a neutral  measure  that  can  be 
used  as  a baseline  or  comparison  measure  for  the  other  two.  I'lie  three  differences  for  both 


TABLE  7.  SUMMARY  OF  MODIFIED  STROOP  COLOR  TEST  RESULTS  IN 
SECONDS  (WITH  CORRECTION  FOR  ERRORS;  IE,  3 SECONDS 
ADDED  PER  ERROR). 


W 

H 

M 

H-W 

M-W 

M-H 

Quiet 

1 

101 

92 

136 

-9.0 

35.7 

44.7 

1 

Group 

2 

82 

73 

92 

-8.6 

10.1 

18.7 

2 

n = 9 

2/1 

0.83 

0.80 

0.68 

-0.4 

25.6 

26.0 

1-2 

Protected 

1 

97 

85 

125 

-12.1 

29.5 

38.9 

1 

Noise 

2 

82 

76 

96 

-6.2 

13.5 

19.3 

2 

Group 

13 

2/1 

0.85 

0.85 

0.77 

-5.9 

16.0 

19.6 

1*2 

Unprotected 

1 

105 

93 

125 

-12.0 

19.9 

31.9 

1 

Noise 

2 

83 

77 

101 

-5.5 

17.6 

23.2 

2 

Group 

n=13 

2/1 

0.79 

0.83 

0.81 

-6.5 

2.3 

8.7 

1-2 

W = Pairs  of  color  name  WORDS  in  black  ink 
H *=  Pairs  of  color  (HUE)  patches 

M = Pairs  of  color  name  words  in  incompatible  ink  hues  (MIXED) 

1 = Start-of-Watch  test  (within  ftrst  half-hour  of  4-hout  watch) 

2 = End-of-Watch  test  (within  last  half-hour  of  4-hour  watch) 

2/1  Ratio  of  End-of-Watclt  to  Slatt-of-Watch  (time  reduction  ratio) 
H-W.  M-W.  M-H  equal  differences  in  sorting  time  scores 


the  first  and  second  test  on  each  of  the  three  groups  are  shown  in  figure  25.  Both  measures 
of  perceptual  interference  show  an  appreciable  rediiction  for  the  two  control  (quiet  and  pro- 
tected noise)  groups  between  titc  first  and  second  test.  Analyses  of  variance  tasks  on  these 
differences  fail  to  reaclt  signincance,  which  is  not  surprising  considering  tliut  tlie  tasks  were 
given  on  watch  with  no  prewatch  or  baseline  practice  test  and  the  ongoing  environmental 
distractions  were  great.  It  is  believed  a larger  sample  given  in  situ  but  20  feet  away  (with 
back  turned)  from  tlieir  usual  watch  station  would  increase  tlie  precision  of  measurement. 

The  reasons  for  the  trends  shown  in  the  Stroop  test  results  are  far  from  clear.  Tor 
one  thing,  the  unprotected  group  showed  far  less  perceptual  interference  on  tlie  first  atteinnl 
at  the  test  (after  being  in  94(17)  dl)A  for  15  to  45  minutes).  This  could  be  an  '.nuiact  from 
the  way  the  groups  were  (inadvertently)  chosen:  to  wit;  it  became  apparent  after  tlie  initial 
assignment  of  noise-exposed  men  to  the  protected  and  the  unprotected  groups  that  many  of 
the  unprotected  actually  were  sound-powered  phone  (S)’l’)  talkers  on  at  least  some  watches 
and  therefore  wore  an  earplione-in-imiff  a type  of  hearing  protection.  These  men  were  con- 
sidered to  be  in  tite  protected  group  if  they  were  SI’P  talkers  when  given  the  Stroop  and 
reaction  time  tests.  However,  tliey  may  have  been  selected  as  SI’P  talkers  because  of  their 
linguistic  abilities  and  the  perceptual  interference  of  the  Stroop  test  is  a linguistic  interfer- 
ence. At  any  rate,  it  should  bt  remembered  that  at  most  these  men  repre,sented  fewer  than 
half  the  people  in  the  protected  noise  group. 

Another  source  of  confusion  in  interpreting  Stroop  color  word  interference  in  noise 
is  the  presence  or  absence  of  an  auditory/verbal  raclor,  Do  subjects  sub-vocali/.e  the  name 
of  the  color  in  the  process  of  making  'heir  decisions?  There  was  no  reason  to  expect  that 
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WORD  HUE  MIXED 


EXPERIMENTAL  GROUPS 


i’iSUK'  ^4,  SuiUiit!  limes  imd  litumivcmciil  laiim  I'm  ihe  ihiee  lypcs  uf 
mmlilleil  .Slinii|i eulm  wiml  icsl  (SCWT) maleiwls  (WORD.  IIUI’., 
MIXRU)  at  slat!  am!  etui  ol  waielies. 


they  iliil.  since  Ihe  surlinn  hiiis  were  labeleil  hy  llUl-  (piilehes  ureDlur).  iwt  hy  WORD, 
However,  there  is  mi  way  of  knowtini  whiil  siibeonseioiis  cues  ilie  siihjecis  Util  in  fuel  use. 

In  any  ease.  Ihe  use  of  WORD,  llUli.  or  MIXIil)  pairs  as  opposeil  lo  a sinple  WORD, 
llUli,  or  MlXlil)  woril  makes  ihis  moUificalioii  of  Ihe  .Siroop  test  Uiffereni  from  its  usual 
appliealion.  Therefore,  eomparinii  these  results  lo  any  other  .Slroop/iuiise  results  is  of 
Uuhioiis  value.  The  results  Uo.  however,  apree  in  kiiiU  with  the  results  of  the  seeonil  e.speri- 
meni  Ueseriheil  hy  Hartley  ami  AUiims  Itef  I.  I')74l.  Their  "waleh"  perioU  Wiis  only  ,T(I 
minutes  as  eompareil  to  our  '40  minutes  ami  therefore  Iheir  starl-of-waleh  lest  was  eom- 
pleleil  within  Ilie  lirsl  10  minules.  whereas  Iheir  eml-of-waleh  lest  was  the  last  HI  minutes 
of  a .W-mimile  perioU.  Their  enU-of-waieh  lest  was  prohahly  more  similar  lo  out  slarl-of- 
waleh  test,  since  it  was  often  III  lo  40  minutes  into  a waleh  hefore  we  eompleleil  our  first 
lesi.  Neverlheless,  our  major  Ijiulinps  ate  similar  in  that  Ihe  "noise"  proup  UiU  far  woise 
on  Ihe  MIXIil)  tor  Iheir  e.\perimenlall  lest  at  the  start  of  Ihe  waleh  than  UiU  the  i|uiel 
group.  Aiiil,  similarly,  hoih  Iheir  ami  our  noisi'  groups  showeil  lillle  or  no  change  in 
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Figuie  25.  niffmciices  in  soiling  limes  foi  caeli  pair  of  SCW1 
iiialeilals  (HU&WORU,  MIXIU>WOKD.  MIXED-llimi. 

iiUerfereiKC  scores  at  the  end  of  (he  watch  os  compared  to  the  quiet  groups  wlio,  in  both 
cases,  improved  (showed  less  perceptual  interference)  at  the  end  of  the  watch. 


CONCLUSIONS 

The  major  observation  of  this  shipboard  (Held)  study  is  the  almost  iimirimninliible 
dllTiculty  of  running  ii  controlled  e.xperimcnl  on  a noi-to-inlcrfere  basis  on  subjects  who 
are  not  highly  motivated.  Although  all  subjects  did  indeed  sign  “volunteer"  statements,  they 
were  not  true  volunteers.  Oiat  is,  it  could  not  be  said  that  there  were  available  more  thiin 
enough  subjects  of  the  type  needed  and  only  the  eager,  conscientious  ones  stepped  forth, 
Their  watch  schedule  was  altered  to  include  a “dog  watch”  every  day  vice  once  every  I'lfth 
day  or  week,  and  tills  seriously  affected  their  sleeping  routine  at  least,  such  complaints 
were  stated.  The  experimenters  had  tieen  ted  to  believe  that  a daiiy  dug  watch  was  typical 
in  the  l-in-3  routine  and  were  not  prepared  for  the  antagonism  this  created. 
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A second  related  observation  was  that  the  watch  cannot  be  staggered  by  a factor 
of  ±'/2-%  hour,  even  when  preplanned  and  agreed  to  (in  principle)  with  both  the  officers 
in  charge  and  the  three-man  teams  assigned  to  expedite  it.  It  appears  that  if  extra  duty 
for  which  the  subject  sees  no  gain  to  himself  is  added,  it  must  be  exacted  in  a hard-nosed, 
chain-of-command,  continually  supervised  effort.  TItis  reaction  in  itself  may  say  something 
about  the  fatiguing,  irritating  aspects  of  standing  4-hour  watches  in  hot,  humid,  noisy 
engine  rooms. 

Since  it  turned  out  to  be  impossible  toget  adequate  immediate  postwalch  (noise) 
audiograms,  the  compromise  of  finding  lOslay  (vice  4-hour)  sernipermairent  threshold 
slrifts  was  used  to  evaluate  the  effects  of  contimral  l-iit-3  watches  (essentially  4 hours  in 
itoise  and  8 hours  out)  over  a 1 0-day  period.  In  this  manner,  eight  (of  39)  men  were  found 
with  observable  threshold  shifts  from  heariitg  performance  levels  shown  by  their  baseline 
audiograms  (taken  before  the  ship  left  port  and  after  beirtg  itt  port  for  a ntinimum  of  2 
weeks;  ie,  the  subjects  not  standing  watches  in  the  noisy  fire  rooms).  Of  the  eight,  one 
was  front  the  control,  or  work-in-quiet  (the  Itngincering  Log  Room),  group  of  12  subjects. 
This  subject  did,  however,  listen  to  very  loud  “nuisic"  whenever  he  had  any  leisure  time. 

Of  the  remaining  seven,  all  stood  watches  in  noisy  areas  (94  1 7 tlBA);  lour  on  no  occasion 
wore  airy  hearing  protectioir;  three  wore  no  protection  bul  on  .some  occasions  worn  Sl’l’ 
earphones  in  cushions.  These  seven  were  from  a total  sample  of  23  noise-exposed 
unprotected  subjects.  None  of  the  1 1 subjects  who  always  wore  hearing  protection  were 
among  the  threshold  shift  group. 

Dosimeter  results  showed  that  the  typical  iroise  exposure  in  terms  of  equivalent 
steady-state  noise  level  in  the  space  where  most  measiircnterns  were  made  averagetl  89.9 
dBA  with  a standard  deviation  of  4.5.  whereas  physical  measures  averaged  9 1 .(i  dBA  with 
a standard  deviation  of  7.9, 

On  ii  psychomotor  four-choice  serial  reaction  time  test,  all  subjects  tin  noise  iinj 
quiet ) tieleriorated  on  the  average  when  performance  at  minutes  4 ami  5 (of  a 5-n)inule  test ) 
was  contpared  to  performance  the  first  2 minutes.  Although  not  statistically  significant,  the 
iluiet  group  tieleriorated  less  titan  the  protected  or  unprotected  noise  group.  .Similarly,  all 
three  groups  showed  improvement  in  perforntance  on  the  reaction  lime  lest  near  the  end  of 
the  watch  as  compared  to  performaniv  near  the  start  of  the  watch.  Tliere  was  appaivntly 
a learning  factor.  The  unprotected  noise  group  sho'ved  llie  greatest  eiul-of-watcli  improve- 
ment, hut  this  could  have  been  because  they  performed  worse  than  the  others  at  the  start 
of  the  watch  (after  from  10  to  30  mittules  in  noise). 

PereepUial  interference  was  nteasured  by  a modification  of  the  .Siroop  color  word 
lest.  Again,  all  groitps  improved  tlieir  overall  performance  on  the  retest  toward  the  end  of 
a watch.  The  unprotected  noise  group  hud  the  least  percepluid  interference  on  the  start- 
of-watch  lest  and  the  quiet  group  the  most  interference.  Both  control  groups  li|uiel  and 
protected  noise)  showed  reiluciions  in  perceptual  interference  at  the  end  of  a watch;  the 
unprotected  noise  group  did  not. 


iu;commi;ni)ation.s 

I . Verify  the  results  of  lliis  preliminary  shidy  by  repealing  the  most  significant 
parts  willi  an  expanded  shipboard  team  inclmling  a USN  ('hiel  Pelty  nflicer  whose  tespoiis- 
il'iiity  would  be  to  expedite  and  achieve  compliance  wilh  llie  controlled  testing  sehediiles. 


2.  Develop  a wearable  noise  level  accumulator  to  supplement  existing  noise  dosi- 
meters (too  simple)  and  to  better  correlate  performance  and  hearing  tests  to  actual  noise 
exposure. 

3.  Implement  educational  and  compliance  techniques  to  get  more  people  wearing 
hearing  protection  to  help  save  their  hearing,  improve  their  psychomotor  performance,  and 
reduce  their  perceptual  interference  in  noise. 
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